ABSTRACT Nasal and tracheobronchial mucociliary clearance have been compared in 10 healthy subjects. Nasal clearance was measured by monitoring the rate of removal of 2 jm diameter Teflon particles, labelled with 99mTc, which had been placed in the anterior part of the nose. Tracheobronchial clearance was measured with an objective radioaerosol technique, 5 um diameter polystyrene particles being used. With these comparable techniques there was a close correlation between the nasal mucociliary clearance rate and both the area under the tracheobronchial clearance curve from 0 to 6 hours after radioaerosol inhalation (r, = -0 94, p < 0 001) and the area under the tracheobronchial clearance curve from 0 to 2-5 hours after inhalation (r, = -0 79, p < 0 01). The rate of clearance of small particles from the nose may thus be a useful guide to tracheobronchial clearance in healthy individuals.
Nasal mucociliary clearance has an important role as a defence mechanism for the upper airway.' 3 The nose is an easily accessible organ and so in many centres the measurement of nasal mucociliary clearance has been used as a screening procedure for congenital abnormalities that would alter mucociliary clearance in the nose and lungs. The relationship between nasal and tracheobronchial clearance is not, however, clear. Previous studies4'5 comparing the two have reported diverse results. This may be due to the different techniques used. In the present study we have used broadly similar techniques for the two measurements and so consider that we can determine the interrelationship between nasal and tracheobronchial clearance in normal subjects.
Methods

TECHNIQUE
Nasal clearance was measured with radiolabelled particles in a technique modified from that of Black et al.6 Teflon particles (physical diameter 2 pm, aerodynamic diameter 3 2 pm) labelled with the radionuclide technetium 99m (99mTc) were produced by a spinning top generator,7 and were collected and then washed twice in 40% ethanol before being suspended in 0-2 ml of 40% ethanol.8 The subject's nose was examined and the inferior turbinate visualised, an auriscope being used as a speculum. The apparatus for the administration of the particle suspension consisted of a piece of narrow plastic tubing attached to a brass T piece. The latter was connected via a solenoid operated valve to a reservoir of compressed air at 7 kPa. Then 2 p1 of the particle suspension containing 370 kBq (10 pCi) QQmTc were drawn into a plastic pipette tip with an automatic pipette. This pipette tip was attached on to the plastic tubing and over it a second pipette tip was placed to prevent any movement of the suspension by touching nasal hairs. The pipette tips were introduced through the auriscope and the suspension was blown via the operation of the solenoid valve on to the inferior turbinate of the right nostril.
The subject was positioned immediately with his or her head against a large field of view gamma camera (General Electric), which was connected on line to a Varian V-77 600 computer. Lateral views of the nasal region were taken at one minute intervals for 20 minutes and stored on magnetic tape. Each subject had radioactive markers (labelled with cobalt 57) on the chin, the nape of the neck and the forehead throughout the study for anatomical reference purposes. By using these fixed reference points a superimposed grid was placed identically on a computer On a separate day a non-invasive objective radioaerosol technique, described in detail previously,9 was used to measure lung mucociliary clearance. Polystyrene particles of 5 ,im diameter, again labelled with 99mTc, were produced inside an airtight tank by a spinning top generator.7 The subjects, wearing a nose clip, inhaled the radioaerosol by taking eight single breaths via a mouthpiece from functional residual capacity to an automatically preset volume of 450 ml, followed by a three second breath hold before they exhaled. Oral rinsing and swallowing of water removed particles from the mouth and oesophagus. The amount of initially deposited aerosol within the lungs and its subsequent clearance were monitored by two collimated scintillation counters located anteriorly and posteriorly to the chest. Measurements were made at hourly intervals for six hours after inhalation of the radioaerosol and one final count was made at 24 hours-which was taken to be an estimate of alveolar deposition. 0 Count corrections were made for background radiation and physical decay of the radionuclide (T 1/2 6 hours). The estimate of alveolar deposition was subtracted from the whole lung clearance curve to obtain the curve of tracheobronchial clearance. None of the subjects coughed during the six hours' observation period. The areas Millar, Agnew, Newman, Lopez-Vidriero, Pavia, Clarke under the tracheobronchial clearance curve for both 0-2-5 hours and 0-6 hours were calculated for each subject. The area under the tracheobronchial clearance curve is representative of the mean rate of clearance and inversely proportional to it. The first 2 5 hour period represents clearance from the more proximal airways and the 6 hour period includes clearance from virtually all the ciliated airways.
SUBJECTS
Ten volunteer subjects were recruited and gave informed consent to the procedures. Nine were nonsmokers and one an ex-smoker. None of the subjects had had an upper respiratory tract infection in the two months before assessment. The group comprised six men and four womenmean (SEM) age 28 (2) 
Results
The mean nasal clearance rate was 1 016 cm/min with a range of 0 5-1 7 cm/min. When the nasal clearance measurements were repeated 6-12 months after the initial studies the measurements were reproduced to within +11%. The mean (SEM) area under the tracheobronchial clearance curve for 6 hours was 210 (22) The Spearman rank correlation test gave an r, value of -0 79 (p < 0-01). Figure 3 in the mucus and periciliary layer and so alters the related to the way in which it is cleared from the nose. Previous ve (A UC-in radiolabelled particle techniques for studying nasal resents clearance used a single particle, of various sizes up to 600 pm, whereas radioaerosols used in the lungs are under 10 pm. We set out to measure tracheobronchial and nasal clearance with particles of similar size. For both clearance measurements we used small rs=-0 94 particles-5 pim polystyrene (equivalent to 5 pm unit p<0 001 density) for the lung and 2 pm Teflon (equivalent to 3 2 pm unit density) for the nose; they were in the form of an aerosol in the lung and a suspension in the nose. In the case of nasal clearance testing, it is difficult to assess how much localised retention of the radioactive material will depend on its initial distribution within the nose. For this reason we believe that the rate of movement of a visualised bolus of radioactivity offers the best indicator of nasal mucociliary 350 450 function. We also measured tracheobronchial clearance by the area contained under the tracheobronchial clearance curve, which is inversely propore area under the tional to the clearance rate. We consider that this rom most of the gives the best overall indication of the tracheobronchial clearance rate and is more comparable with the nasal clearance technique than using the time for a fixed percentage clearance, as in other studies. 4 Millar, Agnew, Newman, Lopez-Vidriero, Pavia, Clarke is due largely to the extremely rich vascular supply of the nasal mucosa.22 Differences between the nasal and bronchial mucosa in the response to environmental influences have been described in terms of the size and number of goblet cells and mucus glands. 23 The innervation of the bronchial tree continues to be elucidated. Some differences between the response and the presence of a cholinergic, an adrenergic, and a non-cholinergic, non-adrenergic component in the nerve supply of the bronchial24 and nasal mucosa25 have been determined. A combination of these factors influences mucus clearance rate in both the nasal and the tracheobronchial passages.
Our results for nasal clearance are similar to those previously reported, and show a wide normal range.4 613- 19 We have shown a close correlation between tracheobronchial clearance and nasal clearance in normal subjects, indicating that those factors that influence a particular individual's tracheobronchial clearance seem to exert the same influence on that individual's nasal clearance. As mucociliary clearance is such a highly developed and widespread mechanism for defence in the man this is not surprising. We conclude that using this technique nasal clearance is a useful guide to tracheobronchial clearance in healthy non-smoking subjects. It 
